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(57) ABSTRACT

To provide a small vacoum pump making it possible to
ciiciently perform evacuation from the atmosphere to a high
vacuum (degree of vacuum: 10~ Pa) by using a single pump
unit. A turbo-molecular pump mechanism portion 1is
arranged on the high-vacuum side, a volute pump mecha-
nism portion 1s arranged on the atmosphere side, and a
thread groove pump mechanism portion 1s arranged between
the turbo-molecular pump mechanism portion and the volute
pump mechanism portion. Further, rotor blades of the turbo-
molecular pump mechanism portion, a rotor of the thread
oroove pump mechanism portion, and an impeller of the
volute pump mechanism portion are integrally mounted to a
single rotor shaft, which 1s rotated by a single motor.

11 Claims, 2 Drawing Sheets
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1
VACUUM PUMP

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a vacuum pump for use in
a semiconductor manufacturing apparatus, an electron
microscope, a surface analysis apparatus, a mass
spectrograph, a particle accelerator, a nuclear fusion experi-
ment apparatus, etc.

2. Description of the Related Art

Conventionally, 1n a semiconductor manufacturing
apparatus, for example, operations, such as etching and
sputtering, are performed 1n a high-vacuum semiconductor
process chamber. Generally speaking, to create a high
vacuum from atmosphere 1n a container of such a semicon-
ductor process chamber, a combination of a high-vacuum
pump and a low-vacuum pump 1s adopted. However, since
cach of the two pumps are rather large, they are hard to be
integrated with each other, and it 1s impossible to unite them
into a single small vacuum pump.

Japanese Patent Laid-open No. 88624/1985 discloses a
known vacuum pump 1n which i1t is possible to effect
evacuation from the atmospheric pressure to the molecular
flow range with a single pump. In the vacuum pump
disclosed 1n this publication, however, an open-type impel-
ler 1s used, so that it 1s only possible to achieve a degree of
vacuum of approximately 10~ Pa. Further, a high evacua-
fion rate cannot be achieved at a pressure close to the
atmospheric pressure.

The present invention has been made with a view to
solving the above problems. It 1s an object of the present
invention to provide a small vacuum pump which makes 1t
possible to efficiently create a high vacuum (degree of
vacuum: 10~ Pa) from the atmosphere by using a single unit
of this pump.

SUMMARY OF THE INVENTION

To achieve the above object, there 1s provided, 1n accor-
dance with the present invention, a vacuum pump including
a turbo-molecular pump mechanism portion performing an
evacuating operation through interaction between rotating
rotor blades and stationary stator blades, a thread groove
pump mechanism portion performing an evacuating opera-
tion through interaction between a rotating rotor and a thread
ogroove, and a volute pump mechanism portion performing
an evacuating operation through rotation of a volute
impeller, wherein the turbo-molecular pump mechanism
portion 1s arranged on a high vacuum side, the volute pump
mechanism portion 1s arranged on an atmosphere side, and
the thread groove pump mechanism portion i1s arranged
between the turbo-molecular pump mechanism portion and
the volute pump mechanism portion.

Further, 1n accordance with the present invention, there 1s
provided a vacuum pump characterized 1n that the rotor
blades of the turbo-molecular pump mechanism portion, the
rotor of the thread groove pump mechanism portion, and the
impeller of the volute pump mechanism portion are inte-
orally mounted to a single rotor shaft, the rotor shaft being
rotated by a single motor.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a sectional view of a vacuum pump according to
an embodiment of the present invention.

FIGS. 2A and 2B are diagrams 1llustrating a volute pump
mechanism portion used 1n the vacuum pump of FIG. 1,
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FIG. 2A 1s a plan view of the volute pump mechanism
portion, and FIG. 2B 1s a sectional view of the volute pump
mechanism portion of FIG. 2A.

DESCRIPTION OF THE PREFERREID
EMBODIEMENTS

A vacuum pump according to an embodiment of the

present invention will now be described in detail with
reference to FIGS. 1 and 2.

The vacuum pump of this embodiment shown 1n FIG. 1
has a composite pump structure which contains in a single
cylindrical pump case 1 three different pump mechanism
portions: a turbo-molecular pump mechanism portion 2, a
thread groove pump mechanism portion 3, and a volute
pump mechanism portion 4.

On the upper portion side of the pump case 1, there 1s
provided a gas inlet 5, and, on the lower portion side of the
pump case 1, there 1s provided a gas outlet 6. On the gas inlet
S5 side of the pump case 1, the turbo-molecular pump
mechanism portion 2 1s provided, and, on the gas outlet 6
side of the pump case 1, the volute pump mechanism portion
4 1s provided. Further, between the turbo-molecular pump
mechanism portion 2 and the volute pump mechanism
portion 4, the thread groove pump mechanism portion 3 1s
provided. Further, the gas inlet § 1n the upper portion of the
pump case 1 1s connected to the high-vacuum side, for
example, the process chamber of a semiconductor manufac-
turing apparatus, whereas the gas outlet 6 1n the lower
portion of the pump case 1 communicates with the
atmosphere-side. That 1s, the vacuum pump of this embodi-
ment adopts a sandwich structure 1n which the thread groove
pump mechanism portion 3 1s placed between the turbo-
molecular pump mechanism portion 2 situated on the high-
vacuum side and the volute pump mechanism portion 4
situated on the atmosphere side.

The turbo-molecular pump mechanism portion 2 has rotor
blades 201 and stator blades 202 provided in an outer
periphery of a rotatable cylindrical rotor 200, and the upper
end of the rotor 200 1s directed to the gas inlet 5 side. The
rotor blades 201 and the stator blades 202 are alternately
arranged along the rotation center axis of the rotor 200.
While the rotor blades 201 are formed integrally with the
rotor 200 and capable of rotating mtegrally with the rotor
200, the stator blades 202 are secured to the inner surface of
the pump case 1 through the intermediation of spacers 203.

In the turbo-molecular pump mechanism portion 2, con-
structed as described above, 1t 1s possible to achieve a high
vacuum (degree of vacuum: 107> Pa) by an evacuating
operation of gas molecules through the 1nteraction between
the rotating rotor blades 201 and the stationary stator blades

202.

The thread groove pump mechanism portion 3 1s com-
posed of a rotatable cylindrical rotor 300 and thread groove
spacers 301, and the rotor 300 of the thread groove pump
mechanism portion 3 1s formed integrally with the lower
portion of the rotor 200 as the skirt of the turbo-molecular
pump mechanism portion 2. Further, the rotor 300 of the
thread groove pump mechanism portion 3 1s formed coaxi-
ally with the rotor 200 of the turbo-molecular pump mecha-
nism portion 2. The thread groove spacers 301 are respec-
tively arranged on the inner and outer sides of the rotor 300.
Thread grooves 302 are formed 1n the surfaces of the inner
and outer thread groove spacers 301 opposed to the rotor

300.

In the volute pump mechanism portion 4, a volute-shaped
impeller 401 (hereinafter referred to as “the volute
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impeller”) is provided between upper and lower rotating
plates 400, 400. The rotation center axis of the integral unit
composed of the rotating plates 400, 400 and the volute
impeller 401 coincides with the rotation axes of the rotors
200 and 300 of the turbo-molecular pump mechanism por-
tion 2 and the thread groove pump mechanism portion 3. As
shown 1n FIG. 2A, the volute of the volute impeller 401 1s
directed toward the rotation center of the rotating plates 400.

A rotor shaft 7 1s forced mto the rotation center shaft of
the rotor 200 of the turbo-molecular pump mechanism
portion 2 and secured therein. Due to this joint structure of
the rotor 200 and the rotor shaft 7, the rotor blades 201 on
the outer peripheral surface of the rotor 200 are integrated
with the rotor shaft 7.

The integral unit of the rotating plates 400 and the volute
impeller 401 constituting the volute pump mechanism por-
tion 4 1s fastened to the lower end of the rotor shaft 7 by
means of a screw. In this way, 1n this embodiment, the volute
impeller 401 of the volute pump mechanism portion 4 1s also
integrally mounted to the rotor shaft 7 to which the rotor

blades 201 are fastened.

The rotor 300 of the thread groove pump portion 3, which
1s provided integrally with the rotor 200 of the turbo-
molecular pump mechanism portion 2, 1s integral with the

rotor 200 of the turbo-molecular pump mechanism portion 2
and the rotor shaft 7.

Thus, when the rotor shaft 7 1s rotated, the rotor 200 and
the rotor blades 201 of the turbo-molecular pump mecha-
nism portion 2, the rotor 300 of the thread groove pump
portion 3, and the volute 1mpeller 401 of the volute pump
mechanism portion 4 are rotated at the same speed 1in
synchronism with each other.

While various types of bearing means for the rotor shaft
7 are possible, this embodiment adopts a structure 1n which
the rotor shatt 7 1s supported by ball bearings 8.

Regarding the rotating means of the rotor shaft 7 also, 1t
would be possible to adopt various types of rotating means.
This embodiment adopts a structure in which the rotor shaft
7 1s rotated by a single motor 9. More specifically, the motor
9 adopts a structure 1n which a motor stator 9a 1s mounted
to a stator column 10 provided on the inner side of the rotor
300 of the thread groove pump mechanism portion 3 and in
which a motor rotor 9b 1s arranged on the outer peripheral
surface of the rotor shaft 7 opposed to the motor stator 9b.

Next, an example of the way the vacuum pump con-
structed as described above 1s used and its operation will be
described with reference to FIG. 1. In the drawing, the
arrows 1ndicate the flow of exhaust gas in the vacuum pump.

The vacuum pump shown 1n the drawing can be used, for
example, as a means for evacuating the process chamber of
a semiconductor processing apparatus. In this case, the gas
inlet § of the pump case 1 of this vacuum pump 1s connected
to the process chamber side.

In the case of the vacuum pump, connected as described
above, when an operation start switch (not shown) is turned
on, the motor 9 operates, and, together with the rotor shaft
7, the rotor blades 201 of the turbo-molecular pump mecha-
nism portion 2, the rotor 300 of the thread groove pump
mechanism portion 3, and the volute impeller 401 of the
volute pump mechanism portion 4 rotate at the same speed
in synchronism with each other.

At the mitial stage of the operation of this vacuum pump,
the pressure inside the vacuum pump and the process
chamber 1s close to the atmospheric pressure and the 1nterior
1s 1in the viscous flow range, so that the rotor blades 201 of
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the turbo-molecular pump mechanism portion 2 provide
resistance and the pump speed (the speed of the rotors 200
and 300) is not increased. At this stage, the thread groove
pump mechanism portion 3 functions as a compression

pump.

In this case, the gas in the process chamber flows 1nto the
pump case 1 through the gas inlet 5 of the pump case 1, and
then passes through the gaps between the rotor blades 201
and the stator blades 202 of the turbo-molecular mechanism
portion 2 before 1t moves to the thread groove pump
mechanism portion 3 side. The gas which has moved to the
thread groove pump mechanism portion 3 side 1s transmitted
under pressure to the volute pump mechanism portion 4 side
through the interaction between the rotating rotor 300 and
the thread grooves 302 of the thread groove pump mecha-
nism portion 3. Then, the gas transmitted under pressure to
the volute pump mechanism portion 4 side 1s sent to the gas
outlet 6 of the pump case 1 by the rotation of the volute
impeller 401, and discharged to the exterior of the pump

through the gas outlet 6 at atmospheric pressure.

When, as a result of the above evacuating operation, the
degree of vacuum 1n the vacuum pump and the process
chamber is increased, and the pump speed (the rotor speed)
1s raised, the evacuating operation of the gas molecular flow
1s efficiently conducted through the interaction between the
rotating rotor blades 201 and the stationary stator blades 202
in the turbo-molecular pump mechanism portion 2.

That 1s, 1n the turbo-molecular pump mechanism portion
2, the uppermost rotor blade 201 rotating at high speed
imparts a downward momentum to the gas molecule group
entering through the gas inlet 5, and the gas molecules
having this downward momentum are guided by the stator
blade 202 and transmitted to the next-lower-stage rotor
blade 201 side. Then, by repeating the imparting of
momentum, the gas molecules move from the gas inlet 5 to
the thread groove pump mechanism portion 3 side to effect
evacuation.

Further, in the thread groove pump mechanism portion 3,
the gas molecules moving thereto are compressed to be
changed from an intermediate flow to a viscous flow by the
interaction between the rotating rotor 300 and the thread
ogrooves 302 before being transmitted to the volute pump
mechanism portion 4 side. Further, the viscous-flow gas
transmitted to the volute pump mechanism portion 4 side 1s
sent to the gas outlet 6 of the pump case 1 by the rotation of
the volute impeller 401, and discharged to the exterior of the
pump through the gas outlet 6 as atmospheric pressure.

As described above, 1n the vacuum pump of this
embodiment, the turbo-molecular pump mechanism portion
2 1s arranged on the high vacuum side, and the volute pump
mechanism portion 4 1s arranged on the atmosphere side, the
thread groove pump mechanism portion 3 being arranged
between the turbo-molecular pump mechanism portion 2
and the volute pump mechanism portion 4, so that it 1s
possible to efficiently create a high vacuum (degree of
vacuum: 107> Pa) from the atmosphere by using a single unit
of this vacuum pump.

Further, 1n the vacuum pump of this embodiment, the
rotor blades 201 of the turbo-molecular pump mechanism
portion 2, the rotor 300 of the thread groove pump mecha-
nism portion 3, and the impeller 401 of the volute pump
mechanism portion 4 are integrally mounted to one rotor
shaft 7, and the rotor shaft 7 1s rotated by a single motor 9,
so that the number of parts of the pump drive system,
including the rotor shaft 7 and the motor 9, 1s reduced,
thereby achieving a reduction in the overall size and weight
of a vacuum pump of this type.
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Further, in the vacuum pump of this embodiment, 1t 1s
possible to adopt a considerably small and light volute
impeller 401 in the construction of the volute pump mecha-
nism portion 4, whereby 1t 1s possible to achieve a reduction
in the price of the enfire vacuum pump, space saving, and
energy saving in operation.

While 1n the above embodiment the ball bearings 8 are
used as the bearing means for the rotor shaft 7, 1t 1s also
possible to use a non-contact type bearing, such as a
magnetic bearing, as this bearing means.

According to the present invention, the construction 1s
employed, in which the turbo-molecular pump mechanism
portion 1s arranged on the high vacuum side, the volute
pump mechanism portion 1s arranged on the atmosphere
side, and the thread groove pump mechanism portion 1is
arranged between the turbo-molecular pump mechanism
portion and the volute pump mechanism portions so that it
1s possible to provide a vacuum pump which makes 1t
possible to perform evacuation efficiently from the atmo-
sphere to a high vacuum (degree of vacuum: 10~ Pa)by
using a single pump unit. Further, in accordance with the
present 1nvention, the rotor blades of the turbo-molecular
pump mechanism portion, the rotor of the thread groove
pump mechanism portion, and the impeller of the volute
pump mechanism portion are mounted to a single rotor shaft,
and the rotor shaft 1s rotated by a single motor, so that the
number of parts of the pump drive system, including the
rotor shaft and the motor, 1s reduced, thereby achieving
cifects such as a reduction 1n the overall size and weight of
a vacuum pump of this type.

What 1s claimed 1s:

1. A vacuum pump comprising:

a turbo-molecular pump mechanism portion for perform-
Ing an evacuating operation through interaction
between rotating rotor blades and stationary stator

blades;

a thread groove pump mechanism portion for performing
an evacuating operation through interaction between a
rotating rotor and a thread groove; and

a volute pump mechanism portion for performing an
evacuating operation through rotation of a volute
impeller;

wherein the turbo-molecular pump mechanism portion 1s
arranged on a high vacuum side, the volute pump
mechanism portion 1s arranged on an atmosphere side,
and the thread groove pump mechanism portion 1s
arranged between the turbo-molecular pump mecha-
nism portion and the volute pump mechanism portion.

2. A vacuum pump according to claim 1, wherein the rotor

blades of the turbo-molecular pump mechanism portion, the
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rotor of the thread groove pump mechanism portion, and the
impeller of the volute pump mechanism portion are inte-
orally mounted to a single rotor shaft, the rotor shaft being
rotated by a single motor.

3. A vacuum pump according to claim 1, wherein the
thread groove pump mechanism portion has a thread groove
spacer arranged on the 1nner side of the rotor.

4. A vacuum pump according to claim 1, wherein the
thread groove pump mechanism portion has a thread groove
spacer arranged on each of the mner side and the outer side
of the rotor.

5. A vacuum pump according to claim 1, wherein the
thread groove pump mechanism portion has an upward flow
portion on the thread groove.

6. A vacuum pump comprising: a turbo-molecular pump
mechanism portion having rotatable rotor blades coacting
with stationary stator blades for pumping gas from an
enclosed space; a thread groove pump mechanism portion
connected to receive the gas pumped by the turbo-molecular
pump mechanism portion and having a rotatable rotor coact-
ing with a thread groove for pumping the received gas; and
a volute pump mechanism portion connected to receive the
cgas pumped by the thread groove pump mechanism portion
and having a rotatable volute impeller for pumping and
discharging the received gas.

7. Avacuum pump according to claim 6; further including
a motor connected to rotationally drive the rotor blades, the
rotor and the volute 1mpeller.

8. A vacuum pump according to claim 7; wherein the
motor comprises a single motor connected to rotationally
drive a rotor shaft, the rotor shaft being connected to the
rotor blades, the rotor and the volute 1mpeller.

9. A vacuum pump according claim 7; wherein the turbo-
molecular pump mechanism portion has a cylindrical rotor
having an upper portion and a lower portion, the rotor blades
being connected to and extending radially outwardly from
the upper portion of the cylindrical rotor, and the lower
portion of the cylindrical rotor comprising the rotor of the
thread groove pump mechanism portion.

10. A vacuum pump according to claim 9; wherein the
thread groove pump mechanism portion has a thread groove
spacer disposed on one or both sides of the lower portion of
the cylindrical motor.

11. A vacuum pump according to claim 10; further includ-

ing a rotor shaft connected to be rotationally driven by a
single motor, the cylindrical rotor and the volute 1mpeller
being connected to the rotor shaft for rotation therewith.
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